The paper introduces the so-called climate change approach, where vulnerability and adaptation measures are assessed in the context of general development policy objectives. The approach is based on the application of a limited set of indicators. These indicators are selected as representatives of focal development policy objectives, and a stepwise approach for addressing climate change impacts, development linkages, and the economic, social and environmental dimensions related to vulnerability and adaptation are introduced. Within this context it is illustrated using three case studies how development policy indicators in practice can be used to assess climate change impacts and adaptation measures based on three case studies, namely a road project in flood prone areas of Mozambique, rainwater harvesting in the agricultural sector in Tanzania and malaria protection in Tanzania. The conclusions of the paper confirm that climate risks can be reduced at relatively low costs, but the uncertainty is still remaining about some of the wider development impacts of implementing climate change adaptation measures.
Introduction
Climate change is a global environmental problem and international studies predominantly have addressed climate change from an environmental policy perspective. However, emerging literature recognizes that climate change variability, extreme events and structural changes have major impacts on economic, social, and human living conditions as well as on natural systems. This implies, in developing countries, that key goals related to poverty reduction, water, food, energy, education and health are critically influenced by climate change, and that adaptation measures therefore should be tackled in the context of development policies.
The strong relationship between climate change and development is also recognized by IPCC in its Fourth Assessment report by stating that "The distribution of impacts and vulnerabilities is still considered to be uneven, and low-latitude, less-developed areas are generally at greatest risk due to both higher sensitivity and lower adaptive capacity; but there is new evidence that vulnerability to climate change is also highly variable within countries, including developed countries" (IPCC 2007, page 781) .
Existing efforts on climate change and development linkages include activities by the International Institute for Environment and Development (IIED), which has worked on mainstreaming climate change and on disaster risk reduction (Yamin and Huq 2005, Huq and others 2006) , and the World Resources Institute which, in a recent methodological case study analysis, has addressed how adaptation can be framed in the context of development (McGray and others 2007) . OECD is similarly in a process of developing guidelines for how development assistance can take climate change into consideration, and this work has been supported by several technical adaptation studies (Agrawal 2005) .
Recognizing the importance of linking development and climate change, the so-called mainstreaming approach aims at evaluating climate change policies in the context of general development goals. The objective of this paper is to introduce how a mainstreaming approach can be operationalised, and to demonstrate how it can be used in relation to case studies in Mozambique and Tanzania.
It is important to recognize that applying a mainstreaming approach opens a new set of issues on how to compare the use of scarce development funds for climate change adaptation with alternative uses. In many cases climate change adaptation can go hand in hand with other development activities in such a way that the activities jointly support the same goals. In other cases, adding an element of adaptation to development policies imposes significant costs that can imply delaying out other development investments from which a discussion about different priorities can emerge. In practice however, it can be expected that some part of the additional costs from including climate change adaptation can be paid by international funds or bilateral donors, in which case there is no national conflict between spending resources on development programmes and climate change adaptation.
There are several implications of applying a mainstreaming approach to the evaluation of climate change adaptation policies:
• Climate change is addressed as a development problem and aspects like human welfare and its various social and human dimensions are linked to environmental issues.
• The issue moves into the domain of multiple sectors including agriculture, water, health, energy, and infrastructure.
• The current impacts of climate extremes and disasters and their links to development are the starting points for assessing future climate change impacts.
• There is a need for linking climate change impact data and development statistics, which, given uncertainties and data limitations, complicates adaptation studies.
The next section presents an analytical framework that can be used to assess climate change in a context of development analyses.
Analytical Framework
The idea of the mainstreaming approach is to assess climate change impacts and vulnerabilities in the context of development. Figure 1 below illustrates a structure that can be used to assess the relationship between development, climate change, and adaptation options.
FIGURE 1 HERE
The figure is structured in five columns. Starting from the left the first column represents the Climate System that can be characterized by a set of climate variables such as temperature, precipitation, and humidity (x 1 ,….x n ). The second, third and fourth columns illustrate Development without climate change (column 2), with climate change (column 3), and with both climate change and adaptation policies (column 3). Development in these three columns can be characterized by a set of variables (y 1 ,…….y n ) that can be understood as focal indicators of various economic, social and environmental development targets considered to reflect key priorities. Finally, column 4 represents adaptation strategies that can be characterized by a set of variables (z 1 ,…….z n ).
It is important to recognize that all the elements and analytical steps included in the figure are surrounded by significant uncertainties and data limitations. This includes establishing climate information at a detailed regional level to linking climate data and socio-economic factors. It should be recognized that it is a very demanding task to establish quantitative data for assessment of the relationship between climate and specific development dimensions (or development goals) even if this is done at a detailed level for specific activities, like farming at provincial level. The complexities arrive from several factors including limited availability of long time series of climate data that can be linked to farming output and incomplete understandings of the many factors that play together in production functions in agriculture including climatic factors, land, labour, machinery, seeds, irrigation and education.
In a more simple way it can be said that the aim of mainstreaming assessments is to ensure that current, as well as future development policies, are well adapted to the climate and this can imply that some adaptation options are recommended. This way the mainstreaming approach aims at assessing the relationship between the climate and development in general, without giving specific consideration to distinguishing anthropogenic climate change impacts and vulnerabilities from climate vulnerability of development policies per se. This is different from approaches such as those applied by GEF funding, where the assessment of incremental costs of adaptation to anthropogenic climate change is a focal point.
The fact that many economic activities at present are not well adapted to climatic conditions is complicating. Examples are rain feed agriculture in dry areas where irrigation facilities are not available, or livelihoods in low lying areas that suffer from flooding. In such cases mainstreaming climate assessment can reveal that a future development state like C (Figure 1) can be better off in terms of development indicators than a future development state like A which, by definition, assumes that no climate change is occurring. This can be the case when it is assumed that some current maladaptations to the current climate, as well as future negative climate change impacts, are overcome in state E and adaptation policies in such a case sometimes can render development benefits larger than the costs of implementing the options.
Based on the structure given in Figure 1 , a stepwise mainstreaming approach for assessing adaptation can include the following analytical elements:
Element 1: Climate Conditions, Variability and Future Changes
The initial basis for the assessment is to establish data about the present climate, its variability, and the potential changes over time. Time and geographical resolution should be rather detailed in order to facilitate the use in relation to sectoral and local assessments.
Element 2: Selection of Development Indicators
The next step is to select development indicators that reflect key economic, social and environmental policy objectives and climate sensitivities. 
Element 4: Adaptation Options
Finally the assessment can identify adaptation options that can be used to make current and future development states better adapted to climate change, in order to measure the costs and development impacts of implementing these options.
The stepwise analytical approach is applied to the assessment of case examples of climate change vulnerability and adaptation from Mozambique and Tanzania, in order to shed more light on the individual elements.
Definition of Climate, Development and Policy Variables
Integrated climate change and development assessments can address a number of policy issues related to a short list of well-defined policy variables, which can be used to point to key development and climate issues as introduced in Figure 1 above. The major focus of mainstreaming studies is to meet specific development objectives and therefore the climate impacts should be assessed in relation to how they influence key development policy goals. The very pragmatic approach recommended here suggests selecting a limited set of indicators considered to represent key areas where climate-development linkages can be addressed. These areas will depend on sectoral focus but can include economic areas in terms of costs, investments and employment; social areas in terms of income to poor families, education and health; and environmental areas in terms of different pollutants. Table 1 gives an overview of how the economic, social and environmental areas can be measured.
TABLE 1 HERE
In practice it will not be possible to cover all the aspects included in Table 1 , hence a few areas, particularly relevant for the focal study area, must be selected. In an agricultural study from Bangladesh (Mirza 2002 ) it is seen how the different elements in the mainstreaming approach can be used The study assessed possible future changes in the magnitude and return periods of floods and related crop damages as a consequence of climate change under various warming scenarios. Historical data from 1965 -1992 was applied to estimate future flood occurrence for three large rivers in Bangladesh and climate scenarios were developed in order to model climate conditions, variability and changes (see element 1 above). The analysis demonstrated significant changes in the mean annual peak discharges of the rivers for various warming scenarios. Crop damages were chosen as development indicators (element 2), and the relationship between combined peak discharges of the three rivers and amount of crop damage was established (element 3), assuming crop damage during a monsoon to be a function of flood volume. The results were subsequently used to estimate flood impacts on crop yields in the affected areas, employment in the agricultural sector and agricultural GDP contribution. Finally capacity building in the agricultural sector was mentioned as an adaptation option (element 4) to reduce crop damages, but no further detailed analysis on this measure was conducted.
Mainstreaming Studies for Case Studies in Mozambique and Tanzania
The climate change mainstreaming approach is illustrated based on three case studies for Mozambique and Tanzania and the previously introduced step wise analytical approach is used to assess climate change, development impacts and potential adaptation measures. Due to data limitations the analyses are indicative of potential impacts and adaptation measures rather than accurate information about all relevant aspects and it has in practice primarily been possible to include a limited number of indicators of the direct costs and benefits of implementing specific measures. The limitations of these economic parameters will be highlighted in relation to the different case examples and this will be followed up by a discussion about what the implication of addressing a wider range of development indicators could have been. The case examples are infrastructure planning in Mozambique, rainwater harvesting in Tanzania and Malaria protection in Tanzania. An overview of the examples is given in Table 2 .
TABLE 2 HERE
The focus of the Mozambique case study is on how roads can be made flooding proof and the additional resources required relative to the value of improved market access. The cases examined for Tanzania are rainwater harvesting for management of irrigation water in order to cope with expected increased precipitation variability with climate change, and malaria treatment to cope with current and expected increasing future risks with higher temperatures in the highlands.
Example 1: Infrastructure planning in Mozambique
The Limpopo Basin in southern Mozambique is an area extremely at risk to flooding. This was already seen in the 2000 flooding where more than 500 hundred people died, 200,000 people were forced into refugee camps and impacts on infrastructure caused serious damages to the roads and bridges, preventing normal traffic along the main road for more than 6 months (INGC 2003) . The basin is the second largest in Mozambique and its dams have very little storage capacity for regulating water flow into the lowlands, meaning that downstream areas experience sudden increases in water levels and currents during periods of heavy rains. The flooding is difficult to regulate since it depends on cross border river systems. In this way the lowlands are facing flooding risks and the risks are further accelerated by climate change impacts. This example focuses on road infrastructure and resistance of roads to flooding in the southern part of Limpopo which is highly populated. The stepwise mainstreaming approach is applied as follows
Element 1 Climate Conditions, Variability and Future Changes
Climate projections and regional hydrologic models for southern Africa, including Mozambique, indicate that climate change can lead to significant changes in timing and magnitude of water run-off which can consequently increase the frequency and scale of flooding. Recent climate statistics show that the average total regional precipitation has decreased for southern Africa, including Mozambique, but there has been a statistically significant increase in the regionally averaged daily precipitation intensity for the period 1961 -2000 (New and others 2006) .
Flooding in the Limpopo Basin is often caused by heavy rainfall in South Africa, Zimbabwe and Botswana (Vaz 2000) . The observed trends of increased rainfall intensity can therefore be expected in the future to lead to more floods in the Limpopo Basin. Results based on the IPCC's SRES emission scenarios for river run-off using the HadCM3 climate models indicate a significant increase in run-off for 2050 (Arnell 2003 (Arnell , 2004 .
Element 2: Selection of Development Indicators
The expected increase in magnitude and intensity of floods will affect rural livelihoods, health, agriculture and roads in the Limpopo Basin. Due to data availability the current case study is only addressing direct impacts on roads, but a more qualitative description of other impact areas are subsequently given. In addition to reconstruction and maintenance costs, the flooding will also have indirect costs related to disrupted market access when the roads are out of function.
Element 3: Assessing the Relationship between Climate Variables and Development Indicators related to Specific Activities
Disrupted market access in flooding periods has shown to imply limited food supplies to and from markets as well as price increases and this becomes more pertinent when the demand in flooding periods increases due to loss of crops and livestock. For example, the flood in Mozambique in 2000 entailed a 70 percent price increase for maize (INGC and others 2003) .
A number of broader development impacts of the Limpopo flooding in 2000 are shown in Table   3 and these numbers subsequently are used to discuss the costs of flooding events as such.
TABLE 3 HERE
The 2000 flooding in Limpopo displaced almost 300,000 people and included 78 villages as seen in Table 3 may not be able to economically respond to the higher costs of consumption and therefore they may adjust to lower consumption levels.
Step 4 Adaptation Options
The adaptation options considered in this section focuses on the roads as an example of a key impact area and does not cover all impacts on houses, villages and other assets. Potential adaptation measures against flooding include construction of roads with drainage systems, increased road levels, alternative routes, stronger foundation and bridges. These options can be integrated in construction and rehabilitation plans based on risk assessments of future climate variability and change.
The cost considerations of adaptation to climate change of road infrastructure in the Limpopo
Basin is further based on data from a rehabilitation and maintenance project for a 20 km road in Limpopo (World Bank 2000 that is planned to be implemented over ten years. This project is used as a baseline case. The project assumes design profiles to include future higher traffic levels and greater resistance to flood damages based on historical flooding trends, and it is expected that this construction will reduce losses from flooding by 50 percent. In addition the baseline assumes flood loss exposure to be reduced by 50 percent. This reduction is due to an integrated minor drainage systems adjusted to accommodate a 1-in-20 year flood and profiles for major structures, e.g. bridges, to accommodate a 1-in-40 years flood.
Future climate change has not been taken into consideration in this project. Taking this into consideration would imply that an assessment of the construction and maintenance costs with and without climate change is conducted. The magnitude of such costs can be understood based on a study from the Federate States of Micronesia (ADB 2005) that calculated the construction costs of a road with and without climate change adaptation options integrated. The upfront costs of the road increase if climate change adaptation is considered but will be offset by lower maintenance costs and the net costs consequently will be lower after 15 years. Over 50 years total construction, maintenance and repair costs of the road without climate change adaptation measures showed to be 56.5 percent above the costs for a road with adaptation measures included. Table 4 illustrates the costs of two road scenarios with and without climate change adaptation measures which are calculated based on assumptions on economic estimates from the Micronesia study by ADB (2005) .
TABLE 4 HERE
In addition to the net cost savings of the road project with adaptation, the improved road will also facilitate easier access for emergency and relief in flooding periods and will reduce periods with inadequate market access. Furthermore more rapid emergency response will potentially decrease the number of incidences of disease. The 2000 flood showed that where roads were more rapidly reconstructed, the areas stabilized and returned to normal conditions faster compared to areas which were isolated for longer periods.
Example 2: Rain water harvesting in Tanzania Climate change is predicted to extend the period between rainfalls in Tanzania (Hulme and others 2001) . During dry seasons, dry spells with almost no rain are expected to become more common while the number of spells with high intensity precipitation seems to increase during the rainy season. Crop yields will most likely decrease if water is not stored during the rainy season even without climate change. Taking climate change into consideration, water availability will be even scarcer during the dry season (which is longer and dryer) and the demand for water storage is extended compared to a situation without climate change. Potential adaptation options include increased water storage capacity and improved water management.
If such adaptation measures are integrated into the planning process of the agricultural season, improved water management can alleviate the effect from decreased rainfall during the growing season.
The economic assumptions in this example are based on a case study by Kadigi and others (2003) 
FIGURE 2 HERE
The following step wise approach is considering alternative water availability scenarios under present conditions and these alternatives are used as a basis for assessing the impacts of water scarcity in dry seasons under future climate variability and change. The water availability data in this study corresponds to less rainfall variability than is seen under climate change. Scaling up this data as done in the current example would most likely give a relatively low estimate of the impacts.
Element 1 Climate Conditions, Variability and Future Changes
Precipitation is predicted to increase with 5-30 percent during the rainy season and decrease with 5-10 percent during dry months for year 2020 in Tanzania and especially the interior part of the country will experience temperature increases and longer dry periods (Hulme and others 2001 and Clark and others 2003) .
Element 2: Selection of Development Indicators
Changes in precipitation will influence water availability and will extend the demand for larger water storage if precipitation is concentrated over a shorter period. This will influence crop yield and this again influences other indicators such as income, agricultural employment and nutritional status in the household.
Element 3: Assessing the Relationship between Climate Variables and Development Indicators related to Specific Activities
Water shortage limits the quantity and variety of crops and also has a negative influence on the possibilities for enhanced crop or livestock production in relation to emerging markets. Water shortage, therefore, presents a key barrier to poverty reduction in poor rural areas. Crop yields generally depend on temperature and precipitation patterns. The relationships between temperatures, precipitation patterns and crop yields have been established in a number of studies, e.g. for the US, but the relationship is very context specific both in terms of crops, geographical location and specific climate conditions (Rosenzweig and others 2001 , Mohamed and others 2002 , and Meertens and others 1999 and there is therefore some uncertainty about the relationship in Tanzania. More frequent droughts and decreased water availability during dry months will shorten the growing season and reduce crop yields. Nonetheless, few studies have been done for Tanzania and the existing studies do not integrate climate change considerations or take into account increased variability in precipitation patterns (Kadigi and others 2004 , Senkondo and others 2004 and Hatibu and others 2006 . The existing studies follow the historical trends in rainfall variability and do not consider or prepare for increased rainfall variability or demand for extended water storage capacity.
Element 4 Adaptation Options
Potential adaptation measures to changes in rainfall patterns for crops include rain water storage for irrigation, adjustment of planting dates, changes in fertilization, introduction of new crop varieties and location, application of conservation tillage, and reduced utilization of marginal lands.
The current example focuses on expansion of water storage capacity based on rain water harvesting for paddy rice production as the adaptation option which, can be implemented by farmers with low cost. Paddy rice can not be grown without irrigation and rain water harvesting systems are therefore already applied today. However, up-scaling efforts are needed in order to cease the effect from longer and dryer periods between rains. The example assesses the costs and benefits of an extended rainwater harvesting scheme. This is compared to a baseline case where historical rainfall trends are assumed. In both climate scenarios rainfall in Dodoma is assumed to decrease by 10 percent during the dry season and increase with 20 percent during the rainy season. Total rainfall is thereby assumed to increase, but the dry period has become dryer and the rain season more wet. This is illustrated in Table 5 . In addition the rain water harvesting schemes are assumed to last beyond year 2020. Table 5 illustrates that total amount of rainfall is likely to increase but there will be larger variation between the rainfall in the dry and the wet season.
TABLE 5 HERE
The expanded water storage capacity is obtained from an extension of an existing excavated bounded basin, a method of run-off utilization, management and storage of water for paddy rice production. The expansion is constructed by digging to a depth of 0.2 to 0.5 meter and the scooped soil is used to build a bund around the field perimeter (Lazaro and others 2000) . Construction costs are amortized over a life time period of ten years assuming 10 percent annual maintenance cost. The only construction inputs are land and labour. Cost of land is assumed to be zero while labour is assumed to be provided by family members having low opportunity costs, especially if the work is carried out during slack season. The cost of hired labour used in peak seasons for sowing and harvesting is valued based on opportunity cost of labour used in a study of rain water harvesting in Tanzania (Senkondo and others 2004) .
In order to compare the situations without and with adaptation, a gross margin analysis is carried out to assess costs and benefits of the intervention. Precipitation patterns and temperatures are assumed to be equal in the two situations. The results are depicted in Tables 6 and 7 .
TABLE 6 & 7 HERE
A comparison of the cost-benefit analysis without and with adaptation options (Tables 6 and 7) shows that there is an increase in the average gross margins from US$ 94 per hectare to US$ 221 in the first year with adaptation and this gain increases in the subsequent years since all the construction costs fall in year 1, see also Table 8 . The extended rainwater harvesting system implies a very large increase in the yield from 352 kg/ha without adaptation to 586 kg/ha with adaptation. The net present value (NPV) for the total result of the adaptation investment is calculated from the net benefits of adaptation and is shown in Table 8 .
TABLE 8 HERE
The analysis clearly demonstrates that the returns to the investment, in extended water storage capacity under climate change exceed the returns of the baseline situation with no climate adaptation measures. Hence the example shows that a relatively simple adaptation intervention, such as rain water harvesting, is beneficial in terms of economic return as well as of increased food security in the dry seasons. Furthermore this adaptation option has many positive sideimpacts in terms of improved health conditions from decreased malnutrition, which is also a key vulnerability factor in relation to Malaria.
Example 3: Malaria prevention in Tanzania
Malaria is a key contributor to mortality and morbidity in Tanzania and as much as 93 percent of the population in Tanzania is at risk of malaria (WHO 2003a) . People at risk live in areas with relatively stable malaria transmission or in areas where malaria risk is seasonal and less predictable because of either altitude or rainfall patterns. In areas with seasonal risk of malaria, the risk is likely to change due to changes in rainfall and temperatures imposed by climate change and are expected to become more widespread throughout the year. The following case example will focus on malaria prevention as well as vulnerabilities and adaptation measures related to malaria using the previously introduced stepwise approach.
Element 1 Climate Conditions, Variability and Future Changes
Referring to Example 2, the East African highlands are highly susceptible to predicted climate variability and changes. These include expected increases in precipitation by year 2020 with 5-30 percent during rainy season and decreases with 5-10 percent during the dry months and prolonged dry seasons due to increased climate variability and change (Hulme and 
Element 2: Selection of Development Indicators
The development indicators applied in this case example are the number of malaria incidences and mortality. There is also a number of other impacts of malaria, many other health issues are indirectly linked to malaria and malaria indices have huge welfare costs for individuals and causes loss of income. Repeated malaria infections make young children more susceptible to other common childhood diseases, such as diarrhoea and respiratory infections and severe anaemia with high rate of mortality (WHO 2003b) . Moreover, malaria infections in pregnant women frequently lead to a low child birth weight and this is a major risk factor in the first months of a child's life.
Element 3: Assessing the Relationship between Climate Variables and Development Indicators related to Specific Activities
It is expected that the distribution of malaria will be extended into new areas of the highlands and in some areas the season for malaria will be expanded with climate change. Even small seasonal changes may create large adjustments in number of malaria incidences (Fisman 2007) . Based on this, it can be expected that increased temperatures can create malaria conditions in new highland areas which until now, due to low temperatures, have been unsuitable as malaria breeding grounds.
There are numerous development implications of malaria. These can be measured through direct and indirect costs (WHO 2003b) . The direct costs involve personal expenditures such as purchase of bed nets and insecticides for treatment of the nets, mosquito coils, mosquito repellent lotions, aerosol sprays, anti-malarial drugs, transportation to health care facilities and the necessary supportive costs for the patient and caretaker. Indirect costs refer to productivity losses associated with morbidity and mortality. In the case of morbidity it involves the wage loss or value of output associated with lost working time for each case and the costs of caretakers, school absenteeism and delayed investment opportunities.
In the case of mortality, lost income can be estimated by calculating the capitalized value of future lifetime earnings that would have been gained by those who died prematurely from malaria. Children who survive malaria may suffer long-term consequences of the infection since repeated episodes of fever and illness reduce appetite and restrict play, social interactions and educational opportunities, thereby contributing to poor development.
The most vulnerable to malaria are mainly children under five years and pregnant women. This example concentrates in the group of children below five years of age.
Step
Adaptation Options
The use of malaria prevention is currently inadequate and an extension of preventive measures is expected to lead to considerable benefits. With extended use of malaria preventive measures as an adaptation option, a moderate level of malaria incidences can be obtained with consequential savings in lives lost and avoided morbidity together with substantial savings in treatment costs.
There are several adaptation measures, which can be applied to malaria prevention. One option is residential house spraying which involves treating all interior walls and ceilings with an insecticide, which is effective against mosquitoes that favour indoor resting before or after feeding. However, spraying has been abandoned or curtailed in many countries due to disillusionment over eradication results and to concerns over safety and environmental impacts.
Administrative, managerial and financial constraints have also been an implementation barrier.
Other options are malaria vaccine and medical prevention with chemoprophylaxis that is a presumptive intermittent treatment. However, this is not perceived as appropriate to the whole population. Lastly, insecticide treated bed nets (ITNs) is an option, which have shown to be an effective, feasible and economic attractive measure in reducing mortality and morbidity from malaria (Goodman and others 2001 , Hanson and others 2003 , Lengeler 2004 , Mueller 2008 and Mulligan 2008 .
ITNs effectively provide a reduction in transmission intensity as they prevent mosquito bites and Table 9 ).
TABLE 9 HERE
In order to evaluate benefits two different metrics are applied: disability-adjusted life years (DALYs) and value of statistical life (VOSL). DALYs are calculated as the sum of years of life lost due to premature mortality and the years lost due to disability for incident cases of the health condition. VOSL broadly measures the individual willingness-to-pay to reduce the risk of death and to small changes in mortality risks. Both metrics rely on economic valuation techniques and are associated with uncertainty due to lack of market prices. The valuation includes benefits associated with an improvement in health as well as health care costs and expenditures saved due to the improvement in health. It has been argued that the willingness to pay for improved health may only include the welfare impacts due to illness and can thereby be criticized for discrimination against the poor who have less ability to pay due to their relatively low incomes. These limitations should be kept in mind in the economic valuation of the current example. The economic assumptions applied are shown in Table 10 .
TABLE 10 HERE
The benefits of the two scenarios that are shown in Table 9 are subsequently given in Table 11 and 12. The benefits include direct cost savings by reduced treatment costs and indirect cost savings in terms of DALYs and VOSLs respectively. With a 20 percent effectiveness of ITN's on saved lives and 50 percent avoided cases, the project will result in additionally about 800,000 avoided cases and 3,750 extra saved lives. The benefit and cost estimates of the programme are calculated based on assumptions from Markandya (1998) and Hanson and others (2003) on the economic value of a VOSL on 87,970 US$ and of a DALY on 57 US$. Life expectancies are 54.2 years at birth and 58.6 years at the age of 3. Calculation of VOSL is based on the ratio of real per capita GDP in Tanzania and adjusted to GDP in the US. By using real GDP it will take into account the purchasing power of the country, in this particular case Tanzania. Furthermore, it is assumed that insecticide lasts for 12 months. Malaria treatment costs are calculated based on a study by Jowett and Miller (2005) on treatment costs in Tanzania. Finally the treatment costs are discounted by thirty-five percent to account for non-compliance and smaller child doses.
TABLE 11 HERE
The comparison of gross margins, using DALY, from scenarios with and without adaptation in Table 11 , show that the net benefit from the enhanced ITN programme is about US$ 330,449 per year. Using the method of VOSL, net benefits are about 329,887,500 per year, which is substantially higher than the result with application of DALYs. This is shown in Table 12 .
TABLE 12 HERE
The above figures suggest that there potentially are considerable benefits associated with upscaling the use of ITNs in prevention, particularly if climate change will imply significant acceleration of malaria incidences. Expanded ITN distribution could in this case be a very attractive adaptation option.
Conclusions
The most important lesson learned from this paper is that adaptation is closely interlinked with focal development areas such as infrastructure, agriculture and health, and there is a large potential for integrating climate adaptation measures into already existing and on-going projects and planning efforts. In the case examples examined, integrating climate change adaptation could be done with a low cost.
Climate change mainstreaming has been addressed in a pragmatic way in the paper using a short list of sustainable development indicators to evaluate economic, social, and environmental dimensions of climate change adaptation. The approach is stepwise and starts with modelling of climate conditions, variability and change, which subsequently are linked to development policies and indicators. This is followed by an identification of adaptation measures and assessment of these compared with unmitigated climate change impacts. The methodological approach is further illustrated in relation to three case studies from Mozambique and Tanzania.
The Mozambique example is related to infrastructure planning where existing and future highways can be damaged by increasing magnitude and intensity of floods. The damages will increase maintenance costs and can cause temporary disruptions on the roads. The highways could potentially be less vulnerable to climate change if adaptation measures, in terms of drainage systems, stronger foundations and bridges and alternative routes, were taken into consideration. Based on experiences from previous flooding events in 2002 in Mozambique and internationally available data on adaptation measures, it is shown that there could be significant benefits associated with more climate safe road design.
Rain water harvesting for agricultural irrigation have been considered as a case example for Tanzania, based on the expectation that agriculture in many parts of the country will need increased irrigation with climate change. The development impacts of enhanced rainwater harvesting capacity for rice paddy production are considered based on a previous study from the Dodoma region of Tanzania. Climate change was not taken into consideration in this study however, an extrapolation of the cost and benefit results of enhanced irrigation measures in this case suggest that the rainwater harvesting systems are very effective in supporting crop yields and economic performance.
Increased malaria protection in Tanzania through increased distribution of bed nets has been considered as an adaptation measure against an expected increase of the incidence of malaria associated with climate change. The costs of malaria net distribution and information programmes are measured against avoided treatment costs and reduced sickness and mortality, and it is concluded that almost 4000 lives could be saved and 800.000 cases could be averted annually by distributing 800,000 additional net to cover the whole population in Tanzania. Such a program is considered to be very economic attractive and the net benefits were assessed to be 300,000 USD per year. Despite the potential large benefits of mainstreaming climate adaptation into malaria programmes, it should be noted that malaria protection planning in a climate context is as complex as in general malaria planning and there is no easy solutions in establishing not only knowledge but also utilization of interventions such as ITNs. 
